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ABSTRACT

Organic waste beneficial-use programs effectivetycle plant nutrients when applied at
agronomic rates. Plant-nutrient availability, spart, and fate questions have arisen when
organic wastes such as biosolids have been appliégland agroecosystems. What is the N-
fertilizer equivalency of biosolids? What is thexheralization rate of biosolids over periods of
excess moisture or drought, and over long peridtisn@? Would biosolids, applied at an
agronomic N rate for dryland winter whedtiticum aestivum L.), oversupply P? If over-
application occurred, what would the repercussimng terms of excess soil P? Our objectives
were to determine: biosolids N fertilizer equivatgnbiosolids N mineralization during years of
above and below average precipitation, and longr-témineralization; which soil P phases
dominate following years of biosolids applicatiamd the potential increased environment risk
of P when applying an agronomic N rate or excessite of biosolids. To address questions
related to N dynamics, we utilized research resuditected between 1993 and 2004 from a site
in Eastern Colorado which received 0, 1, 2, 3nd, & dry tons biosolids A To address
guestions related to P dynamics, results collelstdadleen 1982 and 2003 from a second Eastern
Colorado site which received 0, 3, 6, 12, and 38toins biosolids A were used. During years
of above-average and below-average precipitatisst;\fear biosolids N mineralization rates
were estimated at 25-32% and 21-27%, respectilaig-term first-year mineralization rate
ranged between 27-33%. Based on wheat-grain Nkepiee found that an application rate of 1
dry ton biosolids A supplied about 20 Ibs N'A Based on the Colorado P index risk
assessment, biosolids applied at agronomic N vedesd not force producers to alter application
strategies. However, based on this risk assessimenblids over-application would force land
application to be based on crop P requirementsviéus results showed a minimum of 3
cropping cycles were necessary to reduce soil Berdrations to levels considered less apt in
causing environmental degradation. A future reduan water availability may force some
Idaho agricultural land to shift from irrigateddoyland conditions. And, coupled with the
increased production of dairy waste, land applicatall need to find new means to protect
natural resources under dryland conditions. Re$din our studies can help improve nutrient
use efficiency and minimize environmental risk assted with dryland organic waste land
application.



INTRODUCTION

Between 2001 and 2005 the number of dairies indakdtreased by 15%; however, the
number of dairy cows increased by nearly 24% (Hyadied Church, 2006). Results imply that
larger confined animal feeding operations (CAFQs)ia service. Concurrently, the demand for
water in the Western US has increased due to a euaflfactors such as drought, industrial
demand, and population growth. Thus, in the futdedno producers will most likely be asked to
provide high-yielding, high-quality crops to supptire dairy industry while being faced with a
reduction in available water. Many reduced-wata ar dryland crops will be grown on soils in
close proximity to CAFOs. These soils will mogelly receive greater quantities of animal
waste as compared to soils located at greatemdessafrom the CAFO, forcing producers to
follow strict nutrient management plans. Best nggmaent practices will be coupled with waste
applications based on agronomic requirements gfscto be grown.

Organic waste beneficial-use programs have beenrshwmeffectively recycle plant
nutrients when applied at agronomic rates. The RISEL993) 40 CFR Part 503 regulations for
beneficial use of biosolids (sewage sludge) prosageycling of this material on some crop
lands since it is an excellent source of sevemitphutrients such as N and P. However,
mismanagement of N and P can lead to environmessiaés such as ground/surface water
contamination and waterway eutrophication. Thugti@nt availability, transport, and fate
concerns have arisen when organic wastes suclosalids have been applied to dryland
agroecosystems. For continuous land applicatiograms under dryland conditions an
important environmental quality and protection dioesis: How much N will be supplied by
biosolids? Short and long-term answers to thistoe are important because most states
require biosolids, as with other organic wastefe@pplied at the agronomic rate for N. And,
because biosolids organic N concentrations are rgregiter than inorganic N forms, one may
ask the following questions: What is the appafiesi-tyear N mineralization rate in dryland
agroecosystems? What is the first-year N mineradiraate during years of increased
precipitation as compared to that during yearsrofight?

In some situations, application of biosolids aagnonomic-rate must be based on P
rather than N availability. For example, conceahsut agricultural-P pollution of surface water
prompted the state of Maryland to require P-baggdreomic rates (Shober and Sims, 2003).
Applying agronomic rates of biosolids, and manyeotbrganic materials, based on N
equivalency leads to soil P accumulation sincePlaenounts applied exceed crop removal
(Shober and Sims, 2003). Consequently, trackibideld@® levels is crucial in any organic waste
beneficial-use program. Because organic wastacgioin based on N equivalency tends to
oversupply P, one may ask the following questidsithe excess soil P an environmental
concern? If errors were made in agronomic rateutaions and over-application occurred, what
would the repercussions be in terms of exces$P5vil

The objectives of thisresearch wereto assessthe 12-year or 20-year impact of
repeated, increasing biosolids applications on the: 1) biosolids N equivalency; 2) N
mineralization rate of biosolids applied to a dryland winter wheat fallow agr oecosystem
over 6 yearsof above average precipitation, 6 years of below average precipitation, and
over the 12 year study period; 3) total recovery of biosolids applied P; 4) dominant
inorganic soil P phases; and 5) potential of increased environment risk of P when applying
an agronomic N rate or excessive rate of biosolids.



MATERIALSAND METHODS
Nitrogen Field Study
The N field study began in the summer of 1993 atsphpproximately 20 miles east of
Brighton, CO. From 1993 to 2004, anaerobicallyedigd biosolids were collected prior to land
application and analyzed for organic N, NN, and NQ-N (Table 1). Every year biosolids
were hand-applied to 6 ft by 56 ft plots at ratgsa to 0, 1, 2, 3, 4, and 5 dry tond,/Aand
raked to improve uniformity, and incorporated tdegth of ~ 8”. Every year urea fertilizer (46-
0-0) was hand applied to non-biosolids plots agaif 0, 20, 40, 60, 80, and 100 IbS. AThese
rates bracket those commonly used on dryland whe2blorado (typically 2-3 dry tons
biosolids A% 40 Ibs N fertilizer A"). Four replications of all treatments were used i
randomized complete block arrangement. Grain sasnpére collected from all cropping years,
and grain N concentration was determined by digairotein content found with a Dickey John
GAC 111® near infra-red analyzer by 5.7. Grain N uptake (das determined by N\

&Y*1000, where N = grain N concentration and Y = grain yield. Laneegression analyses
was then completed for the effects of biosolids Hrfdrtilizer rates on Nfor each harvest and
for the total grain yield and cumulative, fér the first and second 6-year period, and overlth
yrs of study. The first 6-year period (1993-199&ye years of above average precipitation; the
second 6-year period (1999-2004) experienced dtarggiditions. We took the average
intercept for each material’s linear regression et@d completed a second set of regression
analyses where the intercept for the biosolidstaadN fertilizer models were set to the average
intercept of both. This approach allowed us toadgthe N fertilizer to the biosolids regression
equation. Nitrogen fertilizer equivalencygNvas then found by calculating the ratio of the
slope of the biosolids curve to the slope of theul/e as: N = BsiopdNsiope. Plant available N
(Np) from the USEPA (1983) calculation was next detegad, assuming an application rate of 1
dry ton biosolids Aand a first-yr mineralization rate of 20%; N [Nno3 + Ky(NnHa) +
0.20(N,)] + residual, where Nbs3 = biosolids N@-N content, K = NH4-N volatilization factor
(assumed to be a range of 0 for complete losstéot complete recovery of NFN), Nnpa=
biosolids NH-N content, N = biosolids organic N content, and residual =desi N, from
previous two biosolids applications. Using, N, and assuming a 20% first-yr mineralization
rate (USEPA, 1983), the effective N mineralizatiates (M) for the first and second 6-year
periods, and over the entire 12-year period wasroehed using M= (N*0.20)/N,,

Phosphorus Field Study

The P field study began in the summer of 1982 ots@pproximately 15 miles east of
Brighton, CO. Every other year from 1982 to 20@2aerobically digested biosolids were hand-
applied to 12 ft by 56 ft plots at rates equal 18,06, 12, and 18 dry tons*Ahand raked to
improve uniformity, and incorporated to a depth-d@”. Biosolids were not applied in 1998 due
to a potential land sale. Biosolids were collecedry year prior to land application and
analyzed for total P (Table 1). The 18 dry torfsajplication rate was discontinued in 1992
because it was deemed excessive in terms of manyasameters (N, P, micronutrients). In a
previous study we utilized the 18 dry tons plots to determine the time necessary for P to be
reduced to concentrations which would lower envinental risk (Barbarick and Ippolito, 2003).
Four replications of all treatments were used iarelomized complete block arrangement.
Yearly and cumulative masses of biosolids-borngfied for each application rate were
determined (i.e. P inputs). Yearly wheat grain glswere collected, digested with
concentrated HNg) and analyzed for P. Yearly and cumulative masggsain-P removed were
determined based on P content and yield of grelmosphorus contained within wheat straw was



assumed to be returned to the soil during convealtitllage practices. The potential soil P
accumulation was estimated as the difference bettreamount of biosolids P added and the
amount of P removed in grain. Soil samples wellected from the 0-8 and 8-24” depths from
each plot following the 2003 wheat harvest. Seise air-dried, crushed to pass a 0.08” sieve,
and total P determined using &#4HNO;digest. The actual increase in soil P (0- to 2depth)
was calculated from the difference between the ¢packnd (i.e. 1982) and 2003V HNO; soill
P concentrations. Dominant inorganic soil P mihphases (soluble, Al-bound, Fe-bound,
occluded, Ca-bound) were determined in the sofasaerand subsurface. Finally, a P risk index
assessment was used to determine P risk assowigitegigronomic or excessive biosolids
application rates.
RESULTSAND DISCUSSION
Nitrogen Field Study

Twelve years of biosolids applications producedduivalencies, based on winter wheat-
grain N uptake, of about 20 Ibs N*A A dryland winter wheat crop typically requirdsoat 40
lbs N A': thus, approximately 2 dry tons biosolidg would meet the crop N needs. Estimated
biosolids first-year N mineralization rates oveyegars of above average precipitation were 25 to
32%, while over 6 years of below average precipitatvere 21-27%. Over the 12 year study
period, estimated first year N mineralization ratasged from 27-33%. In Washington, Cogger
et al. (1998) found that dryland winter wheat resmred 11to 44% of biosolids-borne N. Using
12-week laboratory incubations, Lerch et al. (1982nhd a 55% mineralization for the L/E
biosolids. He et al. (2000) reported 48% N mineedion from pelletized biosolids. Results
from our research can aid land applicators in det@ng first-year N release from this organic
waste under dryland conditions. Erring on the sileonservatism (i.e. greater first-year N
mineralization), organic waste applicators couldwate and supply the crop N needs while
protecting the environment against off-site N tpaors

Phosphorus Field Study

Based on the difference between cumulative biosdtidhdded and cumulative grain P
removed, predicted accumulated soil P in the 8, 32, and 18 tons biosolids*Areatments
were -1, 18, 36, 76, and 36 Ibs P, respectivelpl@ad). The 1982 background soil P content (0-
24-inch depth) was 60 Ibs (Utschig et al, 1983\creéases in soil P within the 0-24-inch depth
were evident for the control and all treatment2003, and actual and predicted increases for
each treatment compared poorly. However, the obf@rtons A) rate showed an increase of
11 Ibs P over the site life, while the predicteddeumulation showed a decrease of 1 Ib P. The
control P increase could have been due to sa@bgllredistribution (Yingming and Corey, 1993)
since the research site is managed using convehtilage practices. If actual increases for all
biosolids rates were adjusted based on the diftereetween the control actual increase and the
control predicted increase, 11 - (-1) or 12 Ibpredicted and adjusted actual increases were
more comparable (Table 2). Based on the adjustmentent recovery in this study ranged from
92 to 128%. Essentially most of the added P alibetaccounted for in the plots. We
regressed cumulative mass of P applied versus ativeibiosolids applied, and showed that at
agronomic rates about 0.13 Ibs P ghould be redistributed per year due to conveatitittage.

Increasing biosolids rate did not affect solubld &a-bound P fractions in the 0-8-inch
soil depth (data not shown). As compared to otbérfractions, the soluble fraction was
relatively low because this fraction forms stromgnplexes with other soil mineral phases (i.e.
Al-, Fe-, Ca-bound phases). No difference in tleb@Bund P phase was due to excess free Ca
present in the system because this soil was defigetcalcareous parent material. However,



increasing biosolids rate increased P associatédthhe Al-bound, Fe-bound, and occluded
phases. Maguire et al. (2000) utilized the samm&ibnation technique and found that biosolids
additions led to increases in both Al and Fe-borichctions when compared to untreated
control soils. We observed the Fe-P fraction datig all biosolids amended soil fractions,
likely due to the addition of amorphous Fe-oxidas#s since Fe is routinely added during
wastewater treatment. Iron phases appeared ramspbrted downward, precipitating in the
subsoil as occluded species. This P phase shotltove deeper under dryland conditions.
Based on the Colorado P index risk assessmenbjdkelids agronomic rate (2 dry tons
A™Y) placed offsite P movement risk in the medium gatg. Accordingly, biosolids application
could continue to be based on the crop N needsntesagement practices should be considered
to further lessen the potential offsite P movemeéXtripling of the dryland wheat agronomic
rate (6 tons A) increased the offsite risk movement to a levelsitered very high, based solely
on increased soil test P. Biosolids applicatiomMdave to be based on crop P requirements,
not N. This would limit the biosolids amount laagplied, and a supplemental N source would
be needed to supply crop N requirements. Baseuewious research (Barbarick and Ippolito,
2003), biosolids land application would need tosecfar about 6 years (3 cropping cycles) to
allow a reduction in soil test P levels compardblagronomic rates. These results emphasize
the need to strictly follow sound environmentalgbiGes when land-applying organic wastes.

Reductions in future water availability in Idahdimore than likely shift agricultural
practices towards the use of reduced or drylandemgsystems. And, with the increased Idaho
dairy herd population, an understanding of orgaraste utilization under reduced water
conditions will be needed. Dryland production b@nimproved, input costs reduced, and
environmental quality enhanced with scientificabund knowledge of crop growth coupled
with nutrient management and dynamics. Results fvar research emphasize the need to
strictly follow sound environmental practices whHand-applying organic wastes.

Table 1. Organic N, NHN, and NQ-N in biosolids applied from 1993 to 2004 on théiéld
study plots. Biosolids-borne P applied from 1982003 on the P field study plots.

N Field Study Organic N NH-N NOs-N P Field Study P
Yr applied Yr Applied
------------------------ [T L — Ibs tor"
1993 61.8 10 <0.2 1982 56
1994 53.4 11 <0.2 1984 22
1995 50.8 10 <0.2 1986 16
1996 24.8 17.2 <0.2 1988 31
1997 68.8 1.2 <0.2 1990 70
1998 22.4 8.6 <0.2 1992 74
1999 14 6.8 0.28 1994 33
2000 36 11.8 <0.2 1996 46
2001 42 8 <0.2 2000 72
2002 106 20.8 <0.2 2002 38
2003 38 5.2 0.22
2004 60 7.2 <0.2
1994 61.8 10 <0.2




Table 2. The 1982 background soil P content, 28023 harvest soil P content, actual increase
in soil P content, predicted soil P content incee@@msed on background P, biosolids-applied P,
and crop removal of P), adjusted actual soil Pemntbased on subtraction of control actual
increase from predicted increase, or -12 |bs),adjdsted percent P recovery.

Biosolids 1982 2002-2003| Actual Predicted | Adjusted Adjusted
rate background harvest increase increase actual percent
increase | recovery
o1 S e — Ibs P in the 0-24-inch sailepth ---------------------- %
0 60 71 11 -1 -1 100
3 60 95 35 18 23 128
6 60 105 45 36 33 92
12 60 149 89 76 76 100
18" 60 109 49 36 37 103

T The 18 tons biosolids Aapplication rate was discontinued in 1992.
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